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The publishers make no representation, express or implied, with regard to the accuracy of the information contained in this book and cannot accept any legal responsibility for any errors or omissions. Years ago, igneous petrology was a matter of silicate magma chemistry, any other magma did not ''warrant belief'' (so said Bowen, 1922) . However, about 50 years ago carbonate magmas became respectable. Is it now the turn of phosphate magmas? I suspect it is. Much field and laboratory work remains to be done. This volume marks the progress. Carbonatite-phoscorite complexes are found worldwide but the best known phoscorite in the world is that at Phalaborwa in South Africa, where FOSCOR (whence the name phoscorite) mines the phosphate. But the most interesting carbonatite-phoscorite complexes are those in Russia: in the Kola Peninsula of NW Russia and at Maymeicha-Kotui in N Siberia. Regrettably, the latter are still relatively little known outside of Russia. Leonid Egorov wrote in 1991, in Russian, an informative memoir 'Ijolite-Carbonatite Plutonism' on the Maymeicha-Kotui province, and then in 1993, in English, a valuable review of the phoscorites. His work deserves to be better known. Sadly he died soon after, but his detailed field observations give good evidence for phosphatic magma intruded just before carbonatite. Alan Woolley and I met him during a memorable trip to Kovdor in 1991 where, organized by Andrei Bulakh and guided by Anatoly Zaitsev, Nataly Krasnova and Maiya Orlova, we saw the most informative rock relationships all dramatically exposed by mining. It was, for me, a petrological education.
Contents
Following on the 1965 comprehensive Kola memoir by Kukharenko et al., this new volume will bring up to date all the more recent work, including the latest mineralogical and geochemical data. Readers can then meditate on the merits of the several sources proposed for the silicate, carbonate and phosphate components of the complexes, and whether fractional crystallization, liquid immiscibility or some other process is the dominant differentiation process. At last, the pros and cons for phosphate-rich magmas are receiving proper debate.
Mike Le Bas
Dorset, UK July 2003 rocks. However, Russian work on the Kola complexes is still relatively unknown and a particular aim of this book, as well as presenting current research, is to make this knowledge accessible to English language readers. A large exploration programme on Kola alkaline rocks was active from 1950 to 1990 and involved teams of geologists who studied many kilometres of drill core and carried out detailed mineralogical and petrological studies. The maps used in this book were made during these studies and still stand as good interpretations of the geological data. We have redrawn them to produce some degree of standardisation and bring them up to current standards of draughtsmanship.
Transliterations of Russian place names, coupled with the grammatical subtleties of the Russian language result in many variations in the spelling of Russian geological localities. We have compiled our own standard set of place names for use here, perhaps the most noticeable change being the use of Khibiny in preference to Khibina to be consistent with international gazetteers.
We have worked hard to make this a coherent book rather than simply a collection of papers grouped around a general theme. There are three introductory chapters, dealing with an overview of the Kola Alkaline Province in the context of the surrounding area and previous studies, an introduction to phoscorites, and a review of the timing of alkaline magmatism on Kola. This is followed by a series of examples of specific localities in the Kola Alkaline Province, some with phoscorites, some without, and including Kovdor, which is perhaps the best known Russian phoscorite-carbonatite complex. Three chapters deal with key minor and accessory minerals, including Nb, Zr minerals, REE minerals and PGE minerals. The latter are present in miniscule amounts and their discovery and description is still controversial. Two chapters deal with broader issues of the petrogenesis, including the key question of why there is such a concentration of carbonatitephoscorites and other alkaline magmatism at 360À380 Ma. The final chapter reviews the economic aspects of the KAP, including the giant nepheline syenite plutons at Khibiny and Lovozero. These are excluded from consideration elsewhere in the book because they merit a larger number of pages than we could include here. Recent, mainly mineralogical, books on the nepheline syenites include Khomyakov (1995) , Yakovenchuk et al. (1999) and Pekov (2000) . Kovdor, like the more famous localities at Khibiny and Lovozero, is also a World class mineral locality, with over 180 species and several endemic minerals. Listing the many rare minerals is beyond the scope of this book but the reader is referred to Ivanyuk et al. (2002) for a comprehensive treatment. Another omission compared with many petrological texts is the lack of a chapter on experimental petrology. This is because we knew of no current work on iron and phosphorous-rich systems analogous to carbonatite-phoscorite. Practically all work with carbonate magmas has used alkali-rich systems. There is some evidence of the presence of alkalis in melt and fluid inclusions (Chapter 7) and in some minerals, e.g. burbankite vii (Chapter 10) but how much alkalis are carried in these systems is yet to be quantified; it is certainly less than in many carbonatites elsewhere.
The petrogenetic interpretation of the relationship between phoscorite and carbonatite centres on fractional crystallization versus immiscibility and whether it is possible to have a phoscorite melt À with no general consensus but some similar conclusions from different authors for particular complexes. The concept of successive pairs of phoscorite-carbonatite has been applied in several Kola complexes and there are also common evolutionary trends, such as dolomite carbonatite, with or without rare earth mineralization being late in the sequence of emplacement, early baddeleyite and later pyrochlore, and rare earth minerals confined to carbonatite. Magma processes are complicated by the presence of successive magma batches, as identified by isotopic data. More detailed, targeted case studies or new approaches are now needed. The role of fluids in evolution of the magma would warrant further study. Minerals such as apatite and pyrochlore are highly zoned and can be used more to track magma chamber processes. A better understanding of physical processes in carbonate-silicate magma chambers could also help, as could experimental analogues. Conclusive evidence for phosphate-rich (phoscorite) melt such as phoscorite lapilli would also be a major advance. The problem is that most textural evidence is ambiguous, even the orbicular textures at Vuoriyarvi and Sokli, cited by many authors as evidence of immiscibility, can also be interpreted as undercooling.
A plume source for the 360À380 Ma carbonatite-phoscorite magmatism is proposed in Chapter 13, consistent with evidence of deep mantle involvement from noble gas isotopes in earlier papers. However, not all would agree, citing the repeated magmatism over time as evidence that the lithosphere must be the key source.
One of the most difficult tables to compile was the list of World phoscorite localities (Table 2 .1). Little information was available for localities outside of Russia. Perhaps after reading this book, people will consider whether rocks that they are studying in other complexes might be phoscorites and more localities will become known.
We hope that this book will provide much useful data, give a good overview of the current state of knowledge, and stimulate new ideas and investigations.
